33 p62/SQSTM1 is an autophagy receptor and signaling adaptor with an N-34 terminal PB1 domain that forms the scaffold of phase-separated p62 bodies in 35 the cell. The molecular determinants that govern PB1 domain filament 36 formation in vitro remain to be determined and the role of p62 filaments inside 37 the cell is currently unclear. We determined four high-resolution cryo-EM 38 structures of different human and Arabidopsis PB1 domain assemblies and 39 observed a filamentous ultrastructure of phase-separated p62/SQSTM1 bodies 40 using correlative cellular EM. We show that oligomerization or polymerization, 41 driven by a double arginine finger in the PB1 domain, is a general requirement 42 for lysosomal targeting of p62. Furthermore, the filamentous assembly state of 43 p62 is required for autophagosomal processing of the p62-specific cargo 44 KEAP1. Our results show that using such mechanisms, p62 filaments can be 45 critical for cargo recognition and are an integral part of phase separated p62 46 bodies. 47 p62 links cargo proteins with the autophagosome membrane (Pankiv et al., 80 2007). PB1-mediated oligomerization of p62 is essential for its function as a 81 selective autophagy receptor (Itakura and Mizushima, 2011) and thought to 82 facilitate co-aggregation of ubiquitylated cargo (Wurzer et al., 2015). The C-83 terminal UBA domain of p62 captures ubiquitinated cargo and the LIR motif 84 guides the cargo-receptor complex to Atg8/LC3, which is anchored to the 85 surface of the autophagosomal membrane (Bjørkøy et al., 2005; Pankiv et al., 86 2007). In signalling, p62 bodies constitute an interaction hub for the kinases 87 MEKK3, MEK5 and aPKCs, which also contain PB1 domains (Lamark et al., 88 2003), in addition to triggering the NFκB pathway through the polyubiquitination 89 of tumor necrosis factor (TNF) receptor-associated factor 6 (TRAF6) (Duran et 90 al., 2008). 91 92 Due to p62's involvement in protein homeostasis, the impairment of autophagy 93 or oxidative stress results in aggregation or upregulation of p62 including 94 increased body formation (Carroll et al., 2018; Sukseree et al., 2018) . Recently, 95 we and others independently found that p62 reconstituted with other 96 components of the autophagy pathway, such as ubiquitinated model cargo and 97 the selective autophagy receptor NBR1, spontaneously coalesces into p62 98 bodies in vitro (Zaffagnini et al., 2018) and shows the characteristics of liquid-99 liquid phase separation in vivo (Sun et al., 2018). These studies established 100 that oligomerization by the N-terminal PB1 domain of p62 is an essential 101 requirement for recapitulating phase separation in vitro as well as for cargo 102 uptake in vivo (Sun et al., 2018, Britzen-Laurent et al., 2010 Itakura and 103 Mizushima, 2011). 104
Introduction 48 p62/SQSTM1 (from here on p62) is a multifunctional adaptor protein that acts 49 as a central scaffold protein in different cellular processes such as autophagy 50 and signaling (Katsuragi, et al. 2015) . p62 has a tendency to cluster and in 51 human cells is often observed in discrete punctae known as p62 bodies 52 (Lamark et al., 2003) . The formation of these bodies is dependent on the amino-53 terminal PB1 domain of p62 (Cheng, 2015; Lamark et al., 2003) . PB1 domains 54 are protein interaction modules with critical roles in the assembly of protein 55 complexes involved in autophagy, signaling, cell division and redox processes 56 Substrates for autophagy are not limited by molecular size and include large 75 protein aggregates, intracellular pathogens and cellular organelles. Selective 76 autophagy has been characterized as the process that specifically directs 77 cytosolic substrates to the formation site of autophagosomal membranes 78 (Johansen and Lamark, 2011; Kraft et al., 2010) . As an autophagy receptor, 79 biochemical and cellular characterization, we here reveal the structural basis 112 for polymeric PB1 self-assembly and define the relevance of symmetry and 113 spatial arrangement of the polymeric assembly state for p62 autophagy function 114 in vivo. 115
Results 116 p62, TFG-1 and AtNBR1 PB1 domains form filamentous homo-polymers 117
Based on our previous finding that p62 is capable of forming homo-oligomeric 118 filamentous assemblies (Ciuffa et al., 2015) , we set out to understand whether 119 related AB-type PB1 domains possess a similar property to self-assemble. With 120 reference to sequence alignments, we expressed and purified PB1 domains 121 from human p62 1-102 , p62 1-122 , TFG-1 1-95 (Trk-fused gene 1), the atypical protein 122 kinases PKCζ 11-101 as well as the evolutionary related PB1 domain of the 123 NBR1 1-95 autophagy receptor from Arabidopsis thaliana (AtNBR1) (Svenning et 124 al., 2011) ( Figure 1A) . p62, TFG-1, PKCζ and AtNBR1 are multi-domain 125 proteins that share the N-terminal PB1 domain with additional functional C-126 terminal domains (Figure 1B) . In order to assess whether these PB1 domain 127 containing proteins are capable of forming high-molecular weight assemblies, 128 we performed sedimentation assays by ultracentrifugation. The PB1 domains 129 of TFG-1 1-95 , AtNBR1 1-95 , p62 1-102 and p62 1-122 were found in the pellet fraction, 130 whereas PB1 domains from PKCζ remained soluble ( Figure 1C) . We visualized 131 the pelleted fractions using negative staining electron microscopy (EM) and 132 observed elongated filamentous or tubular assemblies for the PB1 domains of 133 p62 1-122 , TFG-1 and AtNBR1 that measure 145 ± 5, 900 ± 52 and 120 ± 4 Å in 134 diameter, respectively (Figure 1D) . Closer inspection of the sequence 135 alignments revealed that all three of these PB1 domains share the tandem 136 arginine motif close to the canonical lysine residue of the basic motif in B-type 137 PB1 domains. By contrast, this tandem arginine motif is absent in AB-type PB1 138 sequences of PKCζ that does not form filamentous or tubular structures, 139 suggesting a critical role for self-assembly. 140
Cryo-EM structures of AtNBR1 and p62-PB1 filaments 141
Of the three PB1 assemblies studied, AtNBR1 1-95 (AtNBR1-PB1) and p62 1-122 142 (p62-PB1) formed homogeneous filaments of constant diameter that appeared 143 best suited for high-resolution structure investigation by cryo-EM. Therefore, 144
we vitrified filaments of purified AtNBR1-PB1 and p62-PB1 domains and 145 imaged the samples by cryo-EM (Figure 2A/B) . Image classification of 146 segmented PB1 helices revealed that both AtNBR1-PB1 and p62-147 PB1polymerize in two different tubular morphologies: a projection class with a 148 ladder-like pattern we term L-type and a projection class with a serpent-like one 149 we term S-type ( Figure 2C and Figure S1A-C). L-type and S-type helices 150 partition approximately evenly, i.e. 40% to 60% and 55% to 45% for p62-PB1 151 and AtNBR1-PB1 samples respectively. Further analysis revealed that the 152 occurrence of L-type or S-type assemblies is persistent along the individual 153 helices in micrographs of AtNBR1-PB1 whereas for p62-PB1 filaments 154 regularly displayed transitions from L-type to S-type symmetry (Figure S1D) . 155
In an effort to understand the underlying structures of L-type and S-type 156 projections, we analyzed the averaged power spectra from in-plane rotated 157 segments and from class averages. The best Fourier spectra of AtNBR1-PB1 158 and p62-PB1 showed discrete layer-line reflections up to 5.9 and 4.7 Å 159 suggesting a helical organization and preservation of structural order up to high 160 resolution (Figure S1E-F). The comparison of the Fourier spectra confirmed 161 that L-type and S-type structures are differently organized in their helical lattice. 162
By indexing the layer lines in the Fourier spectra of AtNBR1-PB1 filaments, we 163 concluded that L-type is a 2-stranded helix with a pitch of 77.2 Å and 11.47 164 subunits/turn, whereas S-type is a single double-strand helix with a pitch of 68.2 165 Å and 11.55 subunits/turn. For p62-PB1, we observed a 4-stranded L-type 166 assembly and a 3-stranded S-type assembly. In the latter S-type, one of the 167 three helical rungs is propagating in an antiparallel orientation, related to the 168 central rung by local dihedral symmetry. The L-type here has a pitch of 135.9 169 Å with 14.16 subunits/turn and S-type has a pitch of 138.6 Å with 14.16 170 subunits/turn. Using the derived symmetries, we determined the 3.5/3.9 (L-171 type, p62/AtNBR1) and 4.0/4.4 Å (S-type, p62/AtNBR1) resolution structures 172 for AtNBR1-PB1 and p62-PB1, respectively. In all reconstructions, the main 175 chain of the PB1 domain could be resolved with α-helical pitch features and 176 individual β-strands separated. The overall fold of the asymmetric unit was 177 found compatible with the NMR structure of the p62 PB1 monomer (Saio et al., 178 2009; 2010) ( Figure 3A/B ). In the absence of prior structural information, we 179 traced the AtNBR1-PB1 de novo. This de novo-built model is in close 180 agreement with the 1.6 Å crystal structure of a polymerization-deficient 181 AtNBR1-PB1 mutant, which we solved in parallel ( Figure S2A , Table 1 ). The 182 relative orientation between adjacent subunits is very similar in the respective 183 S-type and L-type assemblies of AtNBR1-PB1 and p62-PB1 ( Figure S2B) . The 184 β1-α1 loop in p62 is flexible and only visible in the L-type assembly density 185 ( Figure S2C ). Expanding the asymmetric unit using the helical parameters of 186 the L-type and S-type structures allowed analysis of the interface between 187 repeating units. Despite overall similar interaction modes, the AtNBR1 and p62 188 assemblies showed differences in relative domain rotation between adjacent 189 subunits and with respect to the helical axis ( Figure 3C ). In agreement with 190 sequence analysis (see Figure 1A) , the electrostatic potential mapped onto the 191 molecular surface of the structures revealed that opposing charged surfaces 192 mediate the PB1-PB1 interactions in the helical repeat ( Figure 3D ). In addition, 193 we more closely examined the interface of homomeric interactions in the helical 194 assemblies. The main interactions are formed between a double arginine finger 195 formed by two neighboring arginine residues in strand β2 (R19-R20 AtNBR1 /R20-196 21 p62 ) stabilizing strong salt-bridges to acidic residues (D60/D62/D64/D73 AtNBR1 197 or D69/D71/D73/E82 p62 ) in the OPCA motif located in the β2-β3 loop and the 198 α2 helix (Figure 3E) . These interactions are assisted by the canonical type B 199 lysine (K11 AtNBR1 and K7 p62 ) in strand β1. Free energy calculations using the 200 PDBePISA server (Krissinel and Henrick, 2007) suggest that a large part of the 201 interface free energy is contributed by the double arginine finger. In addition to 202 the canonical transverse interactions, the helices are further stabilized by 203 longitudinal interactions Y14 AtNBR1 /N28 AtNBR1 or K102 p62 /D92 p62 and 204 R59 p62 /D93 p62 to subunits of neighboring strands along the helical axis (Figure 205 S2D/E). The importance of electrostatic interactions on filament stability is 206 further supported by the observation that increased ionic strength impedes 207 stable filament formation and is sensitive to pH (Figure S3A-H) . To validate our 208 structural interpretation, we performed pull-down experiments using MBP-209 tagged wild-type AtNBR1-PB1 as a prey and a series of AtNBR1-PB1 interface 210 mutants as bait ( Figure 3F ). All interface mutants decrease binding significantly 211 compared with the wild-type and binding is completely abrogated in mutants Figure 4A) . We therefore hypothesized that 230 binding of these PB1 domain could compete with p62 self-polymerization and 231 affect the assembly structures of p62-PB1 filaments. We found that NBR1-PB1 232 strongly interacts with p62-PB1 filaments and shortens p62-PB1 filaments on 233 average to less than half the starting length (Figure 4B/C) . Surprisingly, 234 MEKK3, MEK5 and PKCζ-PB1 showed no effect on the pelletation behavior of 235 p62 assemblies although having only marginally lower affinities than NBR1 236 ( Figure 4D) . To further analyze the interactions, we turned to negative staining 237 EM. In agreement with the co-sedimentation data, for PB1 domains other than 238 NBR1 we did not observe any effect on the morphology of p62 PB1 filaments 239 and the measured filament lengths. In order to increase the sensitivity of 240 detecting interactions with p62-PB1 filaments, we also imaged p62-PB1 241 filaments incubated with nanogold-labeled NBR1, MEKK3, MEK5 and PKCζ 242 PB1 domains using negative staining EM (Figure 4E) . For all PB1 domains, 243 the micrographs confirmed end-on binding of the PB1 domains to p62-PB1 244 polymers or to oligomeric, ring-like structures. Interestingly, NBR1, MEK5, 245
PKCζ PB1 domains preferably bind to one end of the filament (Figure 4F ) 246 consistent with an overall polar assembly observed in the 3D reconstructions 247 of p62-PB1 filaments (see Figure 2 ). MEKK3-PB1 (type B) was not observed 248 at p62-PB1 filament ends, but occasionally found at oligomeric ring-like 249 structures. Biochemical interaction studies suggest that assembled filamentous 250 p62 can display significantly lower apparent binding affinities for interacting PB1 251 domains than when present in the monomeric form. 252
Cellular p62 bodies consist of filamentous structures 253
Although self-oligomerization of p62 has been shown to be essential for 254 targeting of p62 to the autophagosome (Itakura and Mizushima, 2011), it is 255 unclear whether the filamentous assemblies observed in vitro are involved in 256 this process or even occur inside of cells. We used correlative light and electron 257 microscopy (CLEM) to study the ultrastructure of p62 bodies in a targeted 258 manner. In order to enrich endogenous p62 bodies in RPE1 cells, we 259 overexpressed a human NBR1 D50R mutant that abolishes the interaction with 260 p62 (Lamark et al., 2003) . Co-sedimentation experiments in which the relative 261 amount of p62 in the monomeric and polymeric state are determined indeed 262 showed that wild-type NBR1 solubilizes filamentous p62-PB1 whereas the 263 D50R mutant does not ( Figure 5A) . In RPE1 cells, the NBR1-D50R mutant 264 consistently produced larger p62 clusters possibly by promoting self-265 polymerization as observed in vitro (Figure S4A) . In such cells, we localized 266 p62 to punctate areas of 0.5 ± 0.1 μm diameter by fluorescence microscopy 267 and visualized their ultrastructure by electron tomography (Figure 5B We next set out to assess the relevance of symmetry and assembly state of 283 PB1-mediated filament assemblies for biological function within cellular p62 284 bodies and lysosomal targeting through the autophagy pathway. In the 285 comparison of PB1 assemblies visualized by negative staining EM, TFG1 286 showed the most striking difference to p62 assemblies both in size and 287 apparent symmetry (see Figure 1D ). Therefore, we generated two p62 288 chimeras by fusing the TFG-PB1 domain to either p62(123-408) or p62∆123-289 319 (mini-p62), containing only the p62 LIR motif and UBA domain) (Figure 290 6A) and visualized the resulting assemblies by negative staining EM (Figure  291 6B). The TFG-1:p62 chimera forms 48 nm wide filaments, which is 292 approximately three times the diameter of WT-p62 filaments and possesses a 293 helical architecture clearly different from that of WT-p62 filaments. The TFG1-294 mini-p62 chimera forms defined, ring-shaped oligomers with ~12 nm in 295 diameter. To test whether the TFG1-p62 fusion constructs are able to form p62 296 bodies in cells, we expressed the chimeras fused to an N-terminal GFP tag in 297
HeLa cells deficient of endogenous p62. As controls we also expressed GFP-298 tagged WT p62 and the mini-p62 construct (p62∆123-319) ( Figure 6C) . The 299 transfected cells were analyzed by confocal fluorescence microscopy 24 h and 300 48 h post transfection. All constructs formed p62 bodies with the majority of 301 dots having a diameter in the range 0.1 to 0.5 μm. We further classified GFP-302 positive punctae according to frequency of occurrence, the tendency to cluster 303 and the morphological appearance ( Figure 6C -D and Figure S5F ). 304
305
We next asked whether TFG1-p62 could perform the biological function of p62. 306
We first assessed whether TFG1-p62 can be turned over by autophagy and 307 targeted to acidified cellular compartments by using the "traffic light" reporter. 308
Here, the mCherry-YFP tandem tag is fused to the target protein and the 309 acidification of the construct in lysosomes is monitored by appearance of red 310 punctae. Although both TFG1-p62 chimera displayed a diffuse yellow fraction, 311 they were almost as efficiently degraded by autophagy as the WT and mini-p62 312 constructs ( and AtNBR1 PB1 assemblies revealed that the presence of a tandem arginine 333 sequence in the basic motif of type AB interfaces is required to stabilize a 334 polymeric assembly. Although the exact composition of the interface between 335 opposed and electrostatically complementary surfaces is distinctly different for 336 the two PB1 assemblies, the main functional acidic and basic residues including 337 the essential double arginine finger are conserved (Figure 3 ). Furthermore, we 338 observed that the propagation of the helical rung is also distinctly different in 339 p62 and AtNBR1 assemblies, with small changes in primary structure giving 340 rise to large differences in quaternary structure. This property has been 341 characterized in other sequence-related helical systems (Egelman et al., 2015) . 342
Interestingly, we also found that the polymeric PB1 domain structures of human 343 p62 and AtNBR1 are assembled from a common helical rung into two 344 morphologically distinct organization types, i.e. in the form of differently 345 organized helical rungs. We speculate that this observed plasticity of Conversely, we show that end-binding of NBR1 to p62 filaments leads to 391 disassembly and shortening, which can thereby modulate the length of the 392 filamentous structure. As NBR1 binding has been shown to promote p62 body 
Co-pelleting assay 482
Co-pelleting assay was performed according to the F-actin binding co-483 sedimentation assay from Cytoskeleton Inc. In brief, p62-PB1 1-122 , potential 484 binding partner, or p62-PB1 1-122 together with potential binding partner were 485 incubated for 1 h on ice followed by centrifugation at 49,000 g, 4 °C for 30 min 486 in a TLA-100 rotor. The pellet and supernatant were assayed by SDS-PAGE 487 and stained with Coomassie. 488
Negative staining EM and filament length measurements 489
p62-PB1 1-122 was incubated with different binding partners for 1 h on ice 490 followed by 30 min incubation with 5 nm Ni-NTA-Nanogold ® (diluted 1:25). 491
Excess nanogold was removed through pelletation of filaments by 492 ultracentrifugation at 49,000 g, 4 °C for 30 min in a TLA-100 rotor, and the pellet 493 fraction was resuspended in 20 mM HEPES pH 8, 50 mM NaCl. The sample 494 (3.6 μl) was applied to a glow-discharged carbon-coated EM grid and blotted 495 according to the side blotting method (Ohi et al., 2004) . Grids were imaged 496 using a Morgagni 268 transmission electron microscope (FEI) operated at 100 497 kV with a side-mounted 1K CCD camera. Filament length for p62-PB1 1-122 and 498 p62-PB1 1-122 /HsNBR1 1-85 were measured using Fiji (Schindelin et al., 2012) and 499 statistical analysis was done using a two-tailed unpaired t-test with Welch's 500 correction in GraphPad Prism 6.0. 501
Electron cryo-microscopy and image processing 502
Microscopy. For AtNBR1 1-95 , a total of 3.0 μl of 0.4 mg/ml AtNBR1-PB1 was 503 applied to glow-discharged C-flat grids (CF-1.2/1.3-2C, 400 mesh holey carbon 504 on copper; Protochips) on a Leica GP2 vitrification robot (Leica, Germany) at 505 95% humidity and 25 °C. The sample was incubated for 10 s on the grid before 506 blotting for 2 s from the back side of the grid and immediately flash-frozen in 507 liquid ethane. Micrographs were acquired at 300 kV using an FEI Titan Krios 508 (Thermo Fisher Scientific) equipped with a Falcon II direct detector at a 509 magnification of 59,000, corresponding to a pixel size of 1.386 Å at the 510 specimen level. Image acquisition was performed with EPU Software (Thermo 511
Fisher Scientific) and micrographs were collected at an underfocus varying 512 between 0.5 and 4.5 μm. We collected a total of seven frames accumulating to 513 a dose of 14 e -/Å -2 over 0.82 sec. In total, 742 micrographs were acquired, of 514 which we selected 684 for further processing after discarding micrographs that 515 did not show Thon rings exceeding 6 Å. 516
For p62 1-122 , L-type filaments were enriched by the following procedure: 0.2 mg 517 p62-PB1 (100 μl) was ammonium sulfate precipitated (25 % v/v) and incubated 518 o/n at 4 °C. Sample was spun at 17,000 g for 15 min at 4 °C and pellet was 519 resuspended in 50 mM TRIS (pH 7.5), 100 mM NaCl, 4 mM DTT. This 520 ammonium sulfate precipitation was repeated a second time. In the final step 521 sample was centrifuged at 49,000 g for 45 min at 4 °C and pellet resuspended 522 in 25 μl. A total of 3.6 μl resulting p62-PB1 1-122 solution was applied to glow-523 discharged Quantifoil R2/1 Cu 400 mesh grids on a Vitrobot Mark IV (Thermo 524
Fisher Scientific) at 10°C and 100% humidity. The sample was blotted for 5 s 525 from both sides and flash-frozen in liquid ethane after a drain time of 1 s. 526
Micrographs were acquired at 300 kV using a FEI Titan Krios (Thermo Fisher 527 Scientific) with a K2 Summit detector (Gatan, Inc.), a pixel size of 1.04 Å and 528 an underfocus ranging from 0.5 to 2.5 μm. 40 frames were collected in counting 529 mode with a dose rate of 4.5 e -/Å 2 s and a total dose of 40 e -/Å 2 . In total, 2277 530 micrographs were automatically collected and 856 micrographs without ice 531 contamination or carbon chosen for further processing. iteratively aligned against a subset of class averages chosen based on the 545 quality of their power spectra. Class averages revealed two distinct helix types 546 referred to as S-type and L-type. We determined the helical symmetry for the 547 L-type helices by indexing of the power spectra obtained from the 2D 548 classification. Final symmetry parameters were determined with a symmetry 549 search grid using SEGMENTREFINE3DGRID. For 3D refinement and 550 reconstruction, the excised segments were convolved with the CTF and no in-551 plane rotation was applied prior to reconstruction. Starting from the symmetry 552 parameters obtained for the L-type helix, symmetry parameters of the S-type 553 helix were refined. The maximum of the mean cross correlation peak between 554 computed and experimental power spectra was found at a pitch of 70 Å, 11.55 555 units per turn for the two-start L-type helix and a pitch of 68.2 Å, 11.55 units per 556 turn for the one-start S-type helix. Using the refined symmetry parameters, we 557 performed a competitive high-resolution multi-model structure refinement using 558 all 684 images with a final resolution of 4.5/3.9 Å and 5.0/4.4 Å (FSC 0.5/0.143) 559 for the two-start (L-type) and one-start (S-type) helix reconstructions (Table  560 S2). were collected on the ID23-2 microfocus beamline at the European Synchrotron 614 Radiation Facility (ESRF) and processed with XDS (Kabsch, 2010) (Kabsch, 615 1993) and AIMLESS (Evans and Murshudov, 2013) . Initial attempts to solve 616 the crystal structure using the cryo-EM atomic model were unsuccessful. The 617 crystal structure was solved using molecular replacement using the monomer 618 density from the L-type cryo-EM reconstruction as the search model. Briefly, 619 the monomer density was obtained by cutting out density extending 4.5 Å 620 beyond the atomic coordinates. The extracted map segment was centred in a 621 P1 unit cell extending over three times the maximum map dimension, converted 622 to structure factors using a in house, customized CCTBX (Grosse-Kunstleve 
Electron tomography from cellular sections 659
Samples were observed using a FEI Talos F200C electron microscope 660 (Thermo Fisher Scientific, Netherlands). Image series were taken between -60° 661 and 60° with 2° increment. Single-tilt or double-tilt series (as indicated in the 662 text above) were recorded with a Ceta 16M camera. Single axis tomograms 663
were computed using weighted back projection and, when applicable, merged 664 into a dual-axis tomogram using the IMOD package. Display and animation of 665 segmentation of tomograms were performed using a scripted workflow in 666 ImageJ and IMARIS. 667 generation of CRISPR/Cas9 p62 KO cells, approximately 30,000 HeLa cells 680 were seeded per well into 24 well plates and transfected with plasmid pX330 681 p62 gRNA using Metafectene Pro (Biontex T040). For clonal selection, cells 682 were treated with 500 ng/ml of puromycin 24 hours after transfection for 48-72 683 hours. Later, single cells were sorted into 96 well plate using FACS 684 (fluorescence-activated cell sorting). These clones were allowed to grow for 7-685 10 days before screening for KO using immunoblotting. The following sense 5'- The PDB accession number for the atomic coordinates and structure factors for 741 the AtNBR1-PB1 X-ray crystal structure reported in this paper is PDB-xxx. The 742 EMDB accession numbers for the L-and S-type AtNBR1-PB1 cryo-EM maps 743 and models are EMD-xxx/EMD-yyy, and PDB-xxx/PDB-yyy and those for the 744 L-and S-type p62-PB1 cryo-EM maps and atomic coordinate models are EMD-745 xxx/EMD-yyy and PDB-xxx/PDB-yyy, respectively. 746
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